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Abstract 
3RUWVIURPWKHVLPSOHSK\VLFDOVHDODQGLQWHUIDFHWKH\RQFHXVHGWREHKDYH
VXFFHVVLYHO\WXUQHGLQWRFRPPHUFHDQGLQGXVWULDOFHQWHUVWKHQLQWRORJLVWLFV
DQGGLVWULEXWLRQSODWIRUPV DQGDUHQRZEHFRPLQJ LQWHUPRGDOQRGHV LQ
LQWHUQDWLRQDOVXSSO\FKDLQVQHWZRUNVWKHHI¿FLHQF\RIZKLFKQRZGULYHVWUDGH
FRPSHWLWLYHQHVV
:LWKKHUGLVWLQJXLVKHGORFDWLRQORJLVWLFVLQIUDVWUXFWXUHDQGZHOOTXDOL¿HG
PDQSRZHU7XUNH\KDVWKHSRWHQWLDORIEHLQJDKXEFRXQWU\LQKHUUHJLRQ
+RZHYHULQRUGHUWRDFKLHYHWKLVSRWHQWLDO7XUNLVKSRUWVKDYHWRFRQVLGHU
ERWK OHDQDQGJUHHQDSSURDFKHV LQ WKHLUEXVLQHVVVWUDWHJLHV/HDQV\VWHP
GHVLJQLVWKHPRVWLPSRUWDQWLQLWLDOVWHSIRUFDUJRKDQGOLQJRSHUDWLRQLQRUGHU
WRUHDFKJUHHQRSHUDWLRQ
$WWKLVSRLQW WKHVWXG\KDVDLPHGWRDQDO\]HD7XUNLVKFRQWDLQHUWHUPLQDO
ERWKLQWHUPVRIOHDQDQGJUHHQGLPHQVLRQV'XHWRWKHFRQVWUDLQWVRIGDWD
KRZHYHU WKH VWXG\KDVRQO\ IRFXVHGRQ WKHFDUJRKDQGOLQJRSHUDWLRQV
$VLPXODWLRQPRGHOKDVEHHQXVHG WRGHWHUPLQH WKHRSWLPXPQXPEHURI
FRQWDLQHUKDQGOLQJHTXLSPHQW WR LQFUHDVHWKHOHDQFDSDELOLWLHVRID7XUNLVK
SRUW%HVLGHV WKHHQYLURQPHQWDOGDPDJHFDXVHGE\KDQGOLQJHTXLSPHQW LQ
FDUJRKDQGOLQJRSHUDWLRQVKDVEHHQGLVFXVVHG WKURXJK WKHVWXG\DQG WKH
RSWLPDOQXPEHURIHTXLSPHQWPLQLPL]LQJWKHHQYLURQPHQWGDPDJHKDVEHHQ
UHDFKHG
.H\ZRUGV*UHHQSRUW/HDQSRUW6XSSO\FKDLQ6LPXODWLRQ7XUNLVKSRUWV
7KLVSDSHULVUHYLVHGYHUVLRQRIDQHDUOLHUSDSHUSUHVHQWHGDWWKHWK,QW¶,*ZDQJ\DQJ3RUW)RUXP	7KHWK,QW¶O&RQIHUHQFH
RI7KH$VLDQ-RXUQDORI6KLSSLQJ	/RJLVWLFVLQ.RUHD$SULO
$VVLVWDQW3URIHVVRURI'RNX](\OXO8QLYHUVLW\0DULWLPH)DFXOW\7XUNH\(PDLOVRQHUHVPHU#GHXHGXWU
$VVLVWDQW3URIHVVRURI'RNX](\OXO8QLYHUVLW\0DULWLPH)DFXOW\7XUNH\(PDLOLVPDLOFHWLQ#GHXHGXWU
3URIHVVRURI'RNX](\OXO8QLYHUVLW\0DULWLPH)DFXOW\7XUNH\(PDLORWXQD#GHXHGXWU
278
A Simulation for Optimum Terminal Truck Number in a Turkish
Port Based on Lean and Green Concept
I. Introduction
3RUWVDUHRIFULWLFDO LPSRUWDQFH WR WKH ORJLVWLFLDQVDV WKHQRGDOSRLQWV LQ
WHUPVRIFRQQHFWLQJVHDZLWKVXUIDFH WUDQVSRUWPRGHV7KHSRUWVHUYLFHV
PD\EHUHJDUGHGDVDFKDLQRILQWHUOLQNLQJIXQFWLRQVZKLOHSRUWDVDZKROH
LV LQ WXUQ D OLQN LQ WKHRYHUDOO ORJLVWLFV FKDLQ3RUWV IURP WKH VLPSOH
SK\VLFDOVHDODQG LQWHUIDFH WKH\RQFHXVHG WREHKDYHVXFFHVVLYHO\ WXUQHG
LQWRFRPPHUFHDQG LQGXVWULDOFHQWHUV WKHQ LQWR ORJLVWLFVDQGGLVWULEXWLRQ
SODWIRUPVWKLUGJHQHUDWLRQSRUWVDQGDUHQRZEHFRPLQJLQWHUPRGDOQRGHV
LQLQWHUQDWLRQDOVXSSO\FKDLQVQHWZRUNV WKHHI¿FLHQF\RIZKLFKQRZGULYHV
WUDGHFRPSHWLWLYHQHVV0DUORZDQG&DVDFDVXSSRUWHG WKLV IDFWZLWK WKH
DJLOLW\FRQFHSWDQGGHVFULEHGWKHSRUWVDVWUDQVSRUWVROXWLRQSURYLGHUVIRXUWK
JHQHUDWLRQSRUWV3RUWVDUHH[SHFWHG WREHQRW MXVWD WUDQVIHUULQJSRLQW
EHWZHHQGLIIHUHQWPRGHVEXWDQ LQWHJUDWHG ORJLVWLFVFHQWHU LQ WKHVHDPOHVV
WUDQVSRUW FKDLQ+HQFH VXSSO\ FKDLQRULHQWDWLRQ LV QHFHVVDU\ IRU WKH
IDFLOLWDWLRQRIWKHSRUWDQGWHUPLQDOIXQFWLRQVUHTXLUHGIRUVHUYLFLQJWKHQHHGV
DQGGHPDQGVRIWKHXVHUVDQGIRUDFKLHYLQJSRUWFRPSHWLWLYHQHVV$OWKRXJK
WKHSRUWVDUHFRQVLGHUHGDV WKHQRGDOSRLQWVZLWKLQ WKHVXSSO\FKDLQV WKH\
KDYHDOVRWKHLULQWHUQDOVXSSO\FKDLQVSURGXFLQJYDOXHDGGLQJIXQFWLRQV
5HFHLYLQJRI WKHJRRGVJLYLQJYDOXHDGGLQJIXQFWLRQVVXFKDVFRQWDLQHU
IUHLJKWVWDWLRQ&)6VHUYLFHVSURGXFWPL[LQJSRVWSRQHPHQWFURVVGRFNLQJ
FRQVROLGDWLRQGHFRQVROLGDWLRQRIWKHFDUJRHVDQGGHOLYHULQJRIWKHJRRGVFDQ
EHUHJDUGHGDVWKHSURFHVVHVRIWKHLQWHUQDOVXSSO\FKDLQVRISRUWV
2QWKHRWKHUKDQGLQFUHDVLQJVXVWDLQDEOHORJLVWLFVLQLWLDWLYHVDUHEHFRPLQJ
DQRWKHUFKDOOHQJLQJLVVXHIRUWKHSRUWV$OWKRXJKLQSRUWHPLVVLRQVPDNHXSD
VPDOOSHUFHQWDJHRIWKHRYHUDOOHPLVVLRQVIURPVKLSSLQJSRUWVDWWUDFWVKLSSLQJ
WUDI¿FDQGLQHYLWDEO\FRQVWLWXWHVRXUFHVSRLQWVRIFRQFHQWUDWHGVKLSH[KDXVW
HPLVVLRQV+HQFH JUHHQ DSSURDFKHV DUH UHTXLUHGE\ERWK OHJLVODWLRQV
7XQD
6X\NHQVDQG9DQGH9RRUGH
:RUOG%DQN
0DUORZDQG&DVDFD
,QRXH
7RQJ]RQHWDO
7]DQQDWRV
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LQWHUQDWLRQDOQDWLRQDODQGFXVWRPHUVIRUWKHVDNHRIORZHUJUHHQKRXVHJDV
HPLVVLRQV
&RQVLGHULQJ WKHQHZUROHRISRUWVZLWKLQ WKHIUDPHZRUNRIVXSSO\FKDLQ
FRQFHSWFKDQJLQJH[SHFWDWLRQVRIVKLSSHUVLQWHUPVRIFXVWRPHUVHUYLFHDQG
FRVWVDQGFKDOOHQJLQJVXVWDLQDEOHORJLVWLFVLQLWLDWLYHVSRUWVQHHGWRDSSO\OHDQ
DQGJUHHQVWUDWHJLHV
$SSO\LQJOHDQDQGJUHHQVWUDWHJLHVDUHLQHYLWDEOHIRUWKH7XUNLVKSRUWV$V
IDUDVWKH7XUNH\¶VODQGEULGJHSRVLWLRQLQJOREDOVXSSO\FKDLQVLVFRQVLGHUHG
SRUWVKDYH WKHYLWDO LPSRUWDQFHRQ WKHHIILFLHQF\RI ORJLVWLFVDFWLYLWLHVRI
7XUNH\$OWKRXJK7XUNH\KDVDVWUDWHJLFSRVLWLRQ LQ WHUPVRI ORJLVWLFVDQG
VKLSSLQJ7XUNLVKSRUWVKDYHLQVXI¿FLHQWFDSDFLW\LQWHUPVRILQIUDVWUXFWXUH
VXSHUVWUXFWXUHHTXLSPHQWHWFIRUWUDQVLWFDUJRHVVRWKH\KDUGO\FRPSHWHZLWK
WKHLQWHUQDWLRQDOFRPSHWLWRUV7KLVSDSHUDWWHPSWVWRDSSURDFKWKLVSUREOHP
E\FRQVLGHULQJWZRFKDOOHQJLQJGLPHQVLRQVQDPHO\OHDQDQGJUHHQLQLWLDWLYHV
IRUD7XUNLVKFRQWDLQHUWHUPLQDOORFDWHGLQ0DUPDUD5HJLRQ
)RUWKLVUHDVRQWKHSXUSRVHRIWKHVWXG\LVWRDQDO\]HD7XUNLVKFRQWDLQHU
WHUPLQDO ERWK LQ WHUPV RI OHDQ DQG JUHHQ GLPHQVLRQV(YHQ WKRXJK D
FRQFHSWXDOPRGHOKDVEHHQGHYHORSHGERWKFRYHULQJWKHOHDQGLPHQVLRQDQG
JUHHQGLPHQVLRQZLWKLQ WKH IUDPHZRUNRISRUWVGXH WR WKHFRQVWUDLQWVRI
GDWD WKHVWXG\KDVRQO\IRFXVHGRQWKHFDUJRKDQGOLQJRSHUDWLRQV7KURXJK
WKHVWXG\WKHHQYLURQPHQWDOGDPDJHFDXVHGE\KDQGOLQJHTXLSPHQWLQFDUJR
KDQGOLQJRSHUDWLRQVKDVEHHQGLVFXVVHGDQGDVLPXODWLRQPRGHOKDVEHHQ
XVHGWRGHWHUPLQHWKHRSWLPXPQXPEHURIFRQWDLQHUKDQGOLQJHTXLSPHQWWR
LQFUHDVHWKHOHDQFDSDELOLWLHVRIWKHFRQWDLQHUSRUW

II. Lean and Green Approaches in Ports
7DLLFKL2KQRGHILQHGVHYHQFRPPRQIRUPVRIZDVWHDFWLYLWLHV WKDWDGG
FRVWEXWQRYDOXHSURGXFWLRQRIJRRGVQRW\HWRUGHUHGZDLWLQJUHFWL¿FDWLRQ
RIPLVWDNHVH[FHVVSURFHVVLQJH[FHVVPRYHPHQWH[FHVV WUDQVSRUW DQG
H[FHVV VWRFN/HDQ VXSSO\ FKDLQ VWUDWHJLHV IRFXVRQZDVWH UHGXFWLRQ
2UDOHWDO
-RQHVDQG+LQHV
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KHOSLQJ¿UPVHOLPLQDWHQRQYDOXHDGGLQJDFWLYLWLHV6XFKVWUDWHJLHVHQDEOH
¿UPVWRLPSURYHTXDOLW\UHGXFHFRVWVDQGLPSURYHVHUYLFHWRFXVWRPHUVDV
WUDGLWLRQDOEDWFKDQGTXHXHPDVVSURGXFWLRQDQGVXSSO\FKDLQDSSURDFKHV
DUH WUDQVIRUPHG/HDQ DSSURDFKHV FDQEH FDWHJRUL]HG DV µSXVKSXOO¶
µSRVWSRQHPHQW¶ µVL[VLJPD¶DQGµ-,7¶ LQYDULRXVVWXGLHV/HDQSUDFWLFHV
DUHEHFRPLQJLQFUHDVLQJO\GLI¿FXOWWRLPSOHPHQWDQGVXVWDLQDVVXSSO\FKDLQV
LQFUHDVHLQFRPSOH[LW\DQGOHQJWK
 $VDOUHDG\PHQWLRQHGSRUWV WXUQHG LQWR WUDQVSRUW VROXWLRQSURYLGHUV
DQGDJLOH ORJLVWLFVDSSOLFDWLRQVDUH WKHIRFDOSRLQWRI WKHHIIHFWLYHQHVVDQG
HI¿FLHQF\RIWKHSRUWV,W LVLQHYLWDEOHIRUSRUWVWRDSSO\OHDQDSSURDFKHVWR
EHFRPHPRUHDJLOHLQWKHWUDQVSRUWFKDLQ%\XVLQJOHDQSURGXFWLRQWKHRU\
DZKROH UDQJHRIEHQHILWVVXFKDV UHGXFHGFXVWRPHU OHDGWLPHVVWHDG\RU
UHGXFLQJSULFHVLQFUHDVHGPDUNHWVKDUHUHGXFHGWLPHWRODXQFKQHZVHUYLFHV
LQFUHDVHGVHUYLFHGLYHUVLW\SURGXFWLYLW\DQGSUR¿WFDQDOOEHDFKLHYHG
%HFDXVHRI WKHZLGHVSUHDGDFFHSWDQFHRI OHDQVXSSO\FKDLQSUDFWLFHVDQG
WKHJURZLQJSUHVVXUHIRUHQYLURQPHQWDOPDQDJHPHQWILUPVKDYHVWDUWHGWR
LQFRUSRUDWHHQYLURQPHQWDOO\ IULHQGO\SUDFWLFHV LQWR WKHLUZDVWH UHGXFWLRQ
VFKHPD
$OHDQSRUW LVDEXVLQHVVXQLWZKLFKPDNHVHIIHFWLYHXVHRI LWVDYDLODEOH
UHVRXUFHVWDQJLEOHDQGLQWDQJLEOHDVVHWVDQGFDSDELOLWLHVDQGE\HOLPLQDWLQJ
DOOSRUWZDVWHVDORQJWKHSK\VLFDODQGLQIRUPDWLRQDOÀRZVRIWKHSURFHVVHV
DFKLHYHVVXSHULRUFXVWRPHUVHUYLFHLQWKHSURYLVLRQRIWUDQVSRUWVROXWLRQV
1HHGOHVVWRVD\VWUHDPOLQLQJÀRZVLVVHHQDVFUXFLDOVWHSWRZDUGVPDNLQJ
SRUWVERWKPRUHHIIHFWLYHDQGHI¿FLHQW+HQFHWKHLPSOHPHQWDWLRQRIDJLOLW\
LQSRUWVVXSSRUWV LWVHOIRQWKHFRQFHSWVRI OHDQIOH[LELOLW\ MXVWLQWLPHDQG
EXVLQHVVSURFHVV UHGHVLJQ7KHFKDOOHQJHIRUD OHDQSRUW LV WRPRYHFDUJR
TXLFNO\DQGVPRRWKO\GHOLYHULQJDVHUYLFHLQDOLJQPHQWZLWKPDUNHWGHPDQG
ZKLOHHOLPLQDWLQJZDVWHZLWKLQWKHSURFHVVHV
&RUEHWWDQG.ODVVHQ
/DUVRQDQG*UHHQZRRG
0ROOHQNRSIHWDO
3DL[DRDQG0DUORZ
0ROOHQNRSIHWDO
3DL[DRDQG0DUORZ
0DUORZDQG&DVDFD
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 *UHHQVXSSO\FKDLQVWUDWHJLHV UHIHU WRHIIRUWV WRPLQLPL]H WKHQHJDWLYH
LPSDFWRIILUPVDQGWKHLUVXSSO\FKDLQVRQWKHQDWXUDOHQYLURQPHQW ,Q WKH
ZDNHRIFRQFHUQVUHJDUGLQJFOLPDWHFKDQJHSROOXWLRQDQGQRQUHQHZDEOH
UHVRXUFH FRQVWUDLQWV ILUPVDUHKHHGLQJ VWDNHKROGHUGHPDQGV UHJDUGLQJ
FRUSRUDWHFLWL]HQVKLSEHKDYLRUDQGSHUIRUPDQFH&UHDWLQJDJUHHQFXOWXUH
RIWHQ LQYROYHVUHLQIRUFLQJEHKDYLRU WKDWSHRSOHDOUHDG\ZDQW WRDGRSWEXW
WKHUHLVVWLOODQHHGIRUWKHDSSURSULDWHWRROVDQGWUDLQLQJLQRUGHUWRFKDQJH
$JUHHQVXSSO\FKDLQIRFXVUHTXLUHVZRUNLQJZLWKVXSSOLHUVDQGFXVWRPHUV
DQDO\VLVRILQWHUQDORSHUDWLRQVDQGSURFHVVHVHQYLURQPHQWDOFRQVLGHUDWLRQVLQ
WKHSURGXFWGHYHORSPHQWSURFHVVDQGH[WHQGHGVWHZDUGVKLSDFURVVSURGXFWV¶
OLIHF\FOHV
/RJLVWLFVDQGVXSSO\FKDLQPDQDJHUVKDYH WREDODQFHHIIRUWV WR UHGXFH
FRVWV DQG LQQRYDWHZKLOHPDLQWDLQLQJJRRGHQYLURQPHQWDO HFRORJLFDO
SHUIRUPDQFH*UHHQVXSSO\FKDLQPDQDJHPHQWKDVHPHUJHGDVDQDSSURDFK
WREDODQFHWKHVHFRPSHWLWLYHUHTXLUHPHQWV
6KLSVZLWKKXJHHQJLQHVUXQQLQJRQEXQNHUIXHOZLWKRXWHPLVVLRQFRQWUROV
WKRXVDQGVRIGLHVHO WUXFNVSHUGD\GLHVHO ORFRPRWLYHVDQGRWKHUSROOXWLQJ
HTXLSPHQWDQGDFWLYLWLHVDWPRGHUQVHDSRUWVFDXVHDQDUUD\RIHQYLURQPHQWDO
LPSDFWV WKDWFDQVHULRXVO\DIIHFW ORFDOFRPPXQLWLHVDQGPDULQHDQG ODQG
EDVHGHFRV\VWHPVWKURXJKRXWDUHJLRQ7KHPDMRUDLUSROOXWDQWVUHODWHGWR
SRUWDFWLYLWLHVWKDWFDQDIIHFWKXPDQKHDOWKLQFOXGHGLHVHOH[KDXVWSDUWLFXODWH
PDWWHU 30YRODWLOHRUJDQLFFRPSRXQGV92&VQLWURJHQR[LGHV12[
R]RQHDQGVXOIXUR[LGHV62[2WKHUDLUSROOXWDQWVIURPSRUWRSHUDWLRQV
VXFKDVFDUERQPRQR[LGH&2 IRUPDOGHK\GHKHDY\PHWDOVGLR[LQVDQG
SHVWLFLGHVXVHGWRIXPLJDWHSURGXFHFDQDOVREHDSUREOHP
6DUNLVGH%XUJRV-LP¶HQH]DQG&¶HVSHGHV/RUHQWH
2OVRQ
&RUEHWWDQG.ODVVHQ0ROOHQNRSI
3DJHOOHWDO
1DUDVLPKDQDQG&DUWHU
%DLOH\DQG6RORPRQ
%DLOH\DQG6RORPRQ
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III. Methodology
7KLVSDUWRI WKH VWXG\DWWHPSWV WRDQDO\]HD OHDGLQJ7XUNLVKFRQWDLQHU
WHUPLQDO ORFDWHG LQ0DUPDUD UHJLRQ FRQVLGHULQJ WKH OHDQ DQG JUHHQ
DSSURDFKHV
1. Model of the Study 
3DL[DRDQG0DUORZSURSRVHGWZRPDMRUVWDJHVIRUWKHSRUWLQWHJUDWLRQ6HH
7DEOH7KH¿UVWVWDJHHPEUDFLQJWKUHHSKDVHVDLPVDWSXWWLQJSRUWVWRZRUN
LQDMXVWLQWLPH-,7HQYLURQPHQWWRVXSSRUWOHDQSURGXFWLRQWKHRU\ZKHUHDV
WKHVHFRQGVWDJH HPEUDFLQJ WZRSKDVHVDLPVDW LPSOHPHQWLQJ OHDQDQG
DJLOHWKHRULHVLQSRUWV)LUVWGLPHQVLRQRIRXUPRGHOLVEDVHGRQWKHLQWHJUDO
LQWHJUDWLRQZKHUHHIIHFWLYHQHVVRIWKHFRQWDLQHUWHUPLQDOKDVEHHQDQDO\]HG
7DEOH!6WDJHVDQG3KDVHVRI3RUW,QWHJUDWLRQ
6WDJHVRILQWHJUDWLRQ 3KDVHVRILQWHJUDWLRQ
,QWHUQDOLQWHJUDWLRQ ,GHQWL¿FDWLRQRIWKHSRUW¶VFXUUHQWDQGUHGHVLJQ
RIIXWXUHSURFHVVHV
-,7SUHSDUDWLRQSKDVH
7KHUXQQLQJRI-,7RSHUDWLRQVSKDVH
([WHUQDO,QWHJUDWLRQ 7KHOHDQSKDVH
7KHDJLOHSKDVH
6RXUFH3DL[DRDQG0DUORZ
2QWKHRWKHUKDQGVHFRQGYDULDEOHRIRXUPRGHOQDPHO\JUHHQGLPHQVLRQ
LVEDVHGRQ WKUHHFRPSRQHQWVYHVVHORSHUDWLRQVVHUYLFHVJLYHQ LQPDULQH
IDFLOLWLHVDQGFDUJRKDQGOLQJRSHUDWLRQVDWWKHWHUPLQDODUHD
3DL[DRDQG0DUORZ
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)LJXUH!&RQFHSWXDO0RGHORIWKH6WXG\
6RXUFH$XWKRUV
+RZHYHUZHRQO\IRFXVHGFDUJRKDQGOLQJRSHUDWLRQVLQWKLVVWXG\1HHGOHVV
WRVD\ WR UHDFKVXVWDLQDEOHHQYLURQPHQWDQGPLQLPL]H WKHGDPDJHPDGH
RQ WKHHQYLURQPHQWSRUWVKDYH WRPLQLPL]H WKHDFWLYLWLHVSROOXWLQJ WKH
DWPRVSKHUH(TXLSPHQWVXVHGDWFRQWDLQHUWHUPLQDOVDUHPRVWO\RSHUDWHGE\
HOHFWULFSRZHU2QWKHRWKHUKDQG077¶VZKLFKDUHXVHGIRU LQODQGFDUJR
PRYHPHQWHVSHFLDOO\EHWZHHQDSURQDQGVWRUDJHDUHDVLQFRQWDLQHUWHUPLQDO
DUHJHQHUDOO\PRWRUYHKLFOHV)RUWKLVUHDVRQUHDFKLQJWKHRSWLPDOQXPEHURI
077LQFRQWDLQHURSHUDWLRQVLVDEDVLFSRLQWWRPLQLPL]HWKHGDPDJHRQWKH
HQYLURQPHQW
2. Description of the Port 
7KHSLORWPRGHORIWKLVUHVHDUFKKDVEHHQGHYHORSHGRQWKHEDVLVRIWKHGDWD
JDWKHUHGIURPD7XUNH\EDVHGPRGHUQFRQWDLQHUSRUW7KHWZRIDFWRUV WKDW
HQFRXUDJHWKHFKRLFHLQIDYRURIWKLVSDUWLFXODUSRUWDUHDVIROORZV
7KHGHVLJQRIWKHWHUPLQDODQGWKHHTXLSPHQWEHLQJXVHGWKHUHDUHTXDOLW\
DVWKRVHDYDLODEOHDWWKHZRUOGZLGHPRGHUQFRQWDLQHUWHUPLQDOVWKURXJKZKLFK
FXVWRPHUVDWLVIDFWLRQDQGFRVWRSSRUWXQLW\FDQEHUHDFKHG
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'XHWRLWVFULWLFDOORFDWLRQLQWHUPVRIWUDQVVKLSPHQWWUDI¿FIRUWKH%ODFN
6HDFRXQWULHVDVZHOODVWKHUHJLRQDO0DUPDUD5HJLRQFDUJRHVWKHWHUPLQDO
LVRIJUHDWLPSRUWDQFHZLWKLQERWKVXSSO\ORJLVWLFVDQGSK\VLFDOGLVWULEXWLRQ
6RPHIXUWKHUGHWDLOHGVSHFL¿FDWLRQVRIWKHWHUPLQDOFKRVHQDUHDVIROORZV
,WLVWKHVHFRQGODUJHVWWHUPLQDOLQ7XUNH\LQWHUPVRIKDYLQJWKHFDSDFLW\
RIKDQGOLQJWKHKLJKHVWQXPEHURIFRQWDLQHUVPLOOLRQ7(8\HDU
7KH66*KDQGOLQJVSHHGLWFDQDFKLHYHLQWHUPLQDORSHUDWLRQLV WKHEHVW
H[WHQGLQ7XUNH\
,W¶VRQHRIWKHGHHSHVWFRQWDLQHUWHUPLQDOLQ7XUNH\ZLWKDGHSWKRIP
7KH WHUPLQDOFKRVHQIRU WKHDERYHPHQWLRQHGVSHFLILFDWLRQV LVGLIIHUHQW
IURPWKHRWKHUFRQWDLQHUWHUPLQDOORFDWHGZLWKLQWKH0DUPDUD5HJLRQLQWHUPV
RIYDULRXVDVSHFWV7KHIRUHPRVWGLIIHUHQFH LV UHJDUGLQJ WKHRSHUDWLRQV LQ
SDUWLFXODUO\,W LV WKH¿UVW WLPHLQ7XUNH\WKDWDFRQWDLQHUWHUPLQDOKDVEHHQ
HVWDEOLVKHGWKURXJKZRUNLQJRQWKHLQIUDVWUXFWXUHRIWKHSRUW1RWRQO\LVWKH
LQIUDVWUXFWXUHEXWDOVRWKHVXSHUVWUXFWXUHWKHHTXLSPHQWVLQKDQGDUHGLUHFWO\
LQWHQGHGIRUFRQWDLQHUKDQGOLQJ7KHWHUPLQDOXVHV57*KDQGOLQJV\VWHP
7KHFRQWDLQHU WHUPLQDOFKRVHQ LVQRWRQO\ WKHSRUWRIFDOORI WKHYHVVHOV
SURYLGLQJ LQWHUFRQWLQHQWDO VHUYLFHVEXW LW LV DOVR D SRUW FRQYHQLHQW IRU
WUDQVVKLSPHQWDFWLYLWLHV ,WKDVEHHQZHOONQRZQIRU\HDUV WKDWRQHRI WKH
VKLSSLQJUHODWHGSUREOHPVRI7XUNH\LVWKDWKHUVKDUHLQWUDQVVKLSPHQWWUDI¿F
KDVEHHQYHU\OLWWOH2XWRIPLOOLRQ7(8WUDQVLW7(8KDQGOHGLQD
FRQVLGHUDEOHDPRXQWRI7(8ZDVKDQGOHGE\WKHFRQWDLQHUWHUPLQDO
FKRVHQDVDFDVHIRUWKLVUHVHDUFK7KLV¿JXUHFRUUHVSRQGVWRRIWKHWRWDO
WUDQVLWFDUJRHVKDQGOHGLQ7XUNH\7KHQXPEHURIFRQWDLQHUVKDQGOHGDW WKH
PHQWLRQHGWHUPLQDO LQLV7(8ZKLFKKDGEHHQWKHKLJKHVW
QXPEHUKDQGOHGE\RQHWHUPLQDOLQ7XUNH\
7KH RQO\ DFFHVV WR WKH KLQWHUODQG LV WKURXJKKLJKZD\V'HVSLWH WKLV
SDUWLFXODUGLVDGYDQWDJH WKHSRUWPHQWLRQHGKDVPDQDJHGWRKDYHJDLQHGD
YHU\LPSRUWDQWDFFHOHUDWLRQEHFRPLQJLQDYHU\VKRUW WLPHRQHRIWKHPRVW
LPSRUWDQWDQGPRVWPRGHUQL]HGFRQWDLQHU WHUPLQDO LQ7XUNH\%HVLGHV WKH
WHUPLQDOFKRVHQLV ORFDWHGLQ,VWDQEXODQGTXLWHFORVHWRø]PLWFLW\ERWKRI
ZKLFKDUH WKHHQWUDQFH WR WKH%ODFN6HD LVTXLWHVXLWDEOH IRU WKHELJJHVW
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YHVVHO VDLOLQJ WKURXJK WKHEDVLF WUDGH URXWHV WRFKRRVH WKH WHUPLQDODVD
WUDQVVKLSPHQWSRLQWIRUWKHLU%ODFN6HDFDUJRHV$OOLQDOOWKHWHUPLQDOLVRI
DJUHDW LPSRUWDQFHIRU WKH0DUPDUD5HJLRQ WKHPRVW LPSRUWDQW LQGXVWU\
LQYROYHGUHJLRQRI7XUNH\IRULWLVFKRVHQE\PRWKHUVKLSVDVDSRUWRIFDOO
,Q WKH WHUPLQDOFKRVHQVXEFRQWUDFWRUVSURYLGHFRQWDLQHU IUHLJKWVWDWLRQ
&)6 VHUYLFHV7KHVH VHUYLFHV LQFOXGLQJ\DUGFDUJRVWXIILQJXQVWXIILQJ
FXVWRPVLQVSHFWLRQDQGVDPSOLQJDQGDIXOOUDQJHRIRWKHUVHUYLFHVDVQHHGHG
7KH WHUPLQDO¶V&)6KDVPDLQVHFWLRQVZDUHKRXVHDQG/&/OHVV WKDQ
FRQWDLQHU ORDGFDUJRFDUJRH[SRUWDQGLPSRUWFRQWDLQHUVKD]DUGRXVFDUJR
DQGDFRYHUHGDUHDIRUZHDWKHUVHQVLWLYHFDUJR7KHWHUPLQDOVDOVRSURYLGHV
ZDUHKRXVLQJDQGVWRUDJHVHUYLFHIRU/&/FDUJRLQPZDUHKRXVHDUHD
3. Simulation Method for Port Operations
6LPXODWLRQ LVPRVWRIWHQXVHGPHWKRGRI WKHGHFLVLRQVXSSRUWV\VWHP
6LPXODWLRQ LVD VFLHQWLILF LQVWUXPHQWXVHG LQ LQYHVWLJDWLQJDQDO\]LQJ WKH
FRPSOH[LVVXH%\PHDQVRIWKHVLPXODWLRQWKHEHVWDOWHUQDWLYHVROXWLRQVWR
WKHSUREOHPVRIWKHPRGHOHGV\VWHPFDQEHFKRVHQ
$VLPXODWLRQLVSUHIHUUHGLQSRUWRSHUDWLRQLVVXHVSDUWLFXODUO\LQDQDO\]LQJ
WKHWHUPLQDOGDWDDQGRSWLPL]LQJWKHLQYHVWPHQWLQSRUWHTXLSPHQWV
6LPXODWLQJSRUWSURFHVVHVFDQEHXWLOL]HGWRUHDFKVXFKGLYHUVHREMHFWLYHVDV
SRUWGHVLJQLQJSRUWSODQQLQJLQFUHDVLQJWKHSRUWFDSDFLW\DQGHI¿FLHQF\
,Q WKHDQDO\VHVDQGSODQQLQJRISRUWRSHUDWLRQV VLPXODWLRQPRGHOVDUH
ZLGHO\SUHIHUUHG,WKDVQRZGH¿QLWHO\EHHQSURYHGWKDWVLPXODWLRQPRGHOV
DUHKLJKO\SUDFWLFDEOHDQG UHOLDEOHGHFLVLRQ VXSSRUW LQVWUXPHQWV IRU WKH
GHFLVLRQPDNHUVDWSRUWV
$QRYHUDOOOLWHUDWXUHUHYLHZUHYHDOVWKDWPRVWRIWKHUHOHYDQWUHVHDUFKHUVVR
IDUFDUULHGRXWDUHPDLQO\DERXWFRQWDLQHUWHUPLQDORSHUDWLQJLVVXH7KHIDFW
WKDWFRQWDLQHUWHUPLQDORSHUDWLRQVDUHPRUHFRPSOH[WKDQDUHWKHRWKHUFDUJR
RSHUDWLRQVHHPVWRKDYH LQFUHDVHG WKH LQWHUHVW LQXVLQJVLPXODWLRQPHWKRG
ZLWKWKHIRUPHU7KHOLWHUDWXUHUHYLHZDOVRUHYHDOVVRPHFRPPRQSRLQWVRI
7XUEDQDQG$URQVRQ
+DVVDQHWDO
+D\XWK
'UDJRYLFHWDO
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DVVHVVPHQWZLWKUHJDUG WRFRQWDLQHU WHUPLQDOVLPXODWLRQPRGHOV6RPHRI
WKHVHPDLQSRLQWVDUH WKDWPRGHOVVXSSRUW WKHGHFLVLRQVPDGHE\ WKHSRUW
PDQDJHUVDQGWKDW WKH\HYDOXDWHGLYHUVHRSHUDWLRQDOWHUQDWLYHVDQGDOVRWKDW
WKH\SURYLGHWKHSRUWPDQDJHUVZLWKDIOH[LEOHGHYLFHQHHGHGWRDFFHVV WKH
PRVWDSSURSULDWHVROXWLRQV
4. Modeling Approach
7KHPHWKRG XVHG LQ WKLV UHVHDUFK LV VLPXODWLRQ DQG IRUPRGHOLQJ
$5(1$VLPXODWLRQVRIWZDUHKDVEHHQXVHG7KHVLPXODWLRQVPRGHOV
GHYHORSHG WKHRUHWLFDOO\FRPSULVHVXFKSURFHVVHVDVFDUJRKDQGOLQJ LQWUD
SRUW WUDQVSRUWDWLRQDQGZDUHKRXVLQJIROORZLQJWKHFRPSOHWLRQRI WKHVKLS¶V
EHUWKLQJ DFWLYLWLHV7KHUHIRUH WKH LQSXWV RI WKHPRGHO DUH WKH FDUJRHV
FRQWDLQHU GLVFKDUJHG WKH LQIUDVWUXFWXUHV VXFK DV WKH EHUWK XVHG DQG
WKHVWRZDJHDUHDDQG WKHHTXLSPHQWVXVHG IRU VXFKDFWLYLWLHVDV ORDGLQJ
GLVFKDUJLQJWUDQVSRUWLQJPRYLQJDQGVWRZLQJ7KHFDUJRHVKDQGOHGDWSRUWV
DUHH[SRVHGWRWKUHHOLNHO\ORJLVWLFDOSURFHVVHVVXFKDV
&DUJRKDQGOLQJSURFHVVHVFRPSULVLQJHLWKHUORDGLQJWKHFDUJRHVRQERDUG
RUGLVFKDUJLQJWKHFDUJRHVIURPWKHVKLS
,QWUDSRUWPRYHPHQWZKLFKPHDQVWKHPRYHPHQWRIWKHFDUJRHVZLWKLQWKH
SRUW
:DUHKRXVLQJDQGVWRZLQJ
7KHRXWSXWJDLQHGWKURXJKWKHPRGHOFRXOGGLVFXVVHGLQWKHIROORZLQJWKUHH
FDWHJRULHV
7KHGDWDUHODWHGZLWKWKHWRWDORSHUDWLRQSHULRG
7KHGDWHUHODWHGZLWKWKHSHULRGDQGXWLOL]DWLRQUHJDUGLQJWKH66*6KLS
WR6KRUH*DQWU\XVHGIRUORDGLQJDQGGLVFKDUJLQJWKHWHUPLQDOWUDFWRUXVHG
IRU WKH WUDQVSRUWDW WKH WHUPLQDODQG57*5XEEHU7LUHG*DQWU\XVHGIRU
ZDUHKRXVLQJVWRFNLQJWKHFRQWDLQHUVDWWKHZDUHKRXVLQJDUH
7KHGDWDUHODWHGZLWKGHWHUPLQLQJWKHERWWOHQHFNVWREHHQFRXQWHUHGGXULQJ
VXFKRSHUDWLRQVDVORDGLQJLQWHUQDOWUDQVSRUWDQGZDUHKRXVLQJ
$Q\PDQDJHUZKRKDVDQDO\]HGWKHVHSHUIRUPDQFHLQGLFDWRUVZLOOJHWDEOH
WRVHHXQGHUWKDWFLUFXPVWDQFHVDQGKRZWKHORJLVWLFVDFWLYLWLHVUHODWHGZLWK
(VPHUHWDO
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WKHFDUJRKDQGOLQJZLWKLQWKHWHUPLQDO LQWHUQDOPRYHPHQWDQGZDUHKRXVLQJ
ZLOOUHVSRQVHDQGUHDFKWKHSURFHVVRSWLPL]DWLRQWKURXJKWKHDVVHVVPHQWRI
WKHVHSHUIRUPDQFHV
7KHTXDQWLWDWLYHDSSURDFKEDVHGSURFHVVZDVFDUULHGRXWEDVLFDOO\ZLWKLQWKH
IUDPHRIWZRVLPXODWLRQPRGHOVSLORWPRGHODQGXQLYHUVDOPRGHO7KHEDVLF
DFWLYLWLHVIXO¿OOHGZLWKHDFKRIWKHVHPRGHOVDUHEULHIHGDVIROORZV
Pilot Model 'HVLJQHGWRJHWSUHSDUHGIRUWKHXQLYHUVDOPRGHOWKHPRGHOHG
DVSHFWDUHSK\VLFDOVWUXFWXUHRIWKHSRUWLQYROYHGWKHORJLVWLFVSURFHVVZLWKLQ
WKHWHUPLQDODQGWKHHTXLSPHQWVXVHGDW WKHWHUPLQDO7KHVDPSOHVJDWKHUHG
LQFRPSOLDQFHZLWKWKHGDWDFROOHFWLRQIURPGHYHORSHGZHUHFKHFNHGWKURXJK
WKHPRGHODQGWKHUHOLDELOLW\DQGYDOLGLW\DQDO\VHVRIWKHPRGHOZHUHFDUULHG
RXW7KHFDUJRKDQGOLQJVWUXFWXUHWKHYDOLGLW\DQGUHOLDELOLW\RIZKLFKKDYH
EHHQYHULILHG LV ³FUDQHKDQGOLQJ V\VWHP´XVHGDW WKH OHDGLQJFRQWDLQHU
WHUPLQDOV LQ WKHZRUOG7KHEDVLFDVSHFWVRIPRGHODUHVLPLODU WR WKRVHRI
DOO WKHZRUOGWHUPLQDOVH[FHSWWKDWWKHLQIRUPDWLRQUHODWHGZLWKWKHSK\VLFDO
LQIUDVWUXFWXUHDQGWKHHTXLSPHQWZDVDGDSWHGWRWKHWHUPLQDOLQYROYHGLQWKH
UHVHDUFK
Universal Model WKURXJKWKHSLORWSURMHFWZRUNDWWKHSRUWLQYROYHGLQWKH
UHVHDUFKWKHYDOLGLW\DQGWKHUHOLDELOLW\RIWKHPRGHOKDVEHHQYHUL¿HG
7KHGLIIHUHQFHWREHQRWHGZLWKWKHXQLYHUVDOPRGHOZDVWKDWWKHGDWDLQSXWV
UHODWHGZLWKWKHZKROHLQIUDVWUXFWXUHDQGWKHHTXLSPHQWZHUHPDGHÀH[LEOH
DQG WKLVEHFRPHVDGRSWDEOH WRDOO WKHSRUWV LQ WKHZRUOG%HVLGHV WKURXJK
WKHVFHQDULRVIRUPHG WKHFRQWDLQHU WHUPLQDOSURFHVVHVZHUHREVHUYHGDQG
VFUXWLQL]HG
5. The Pilot Model Inputs and Validity-Reliability Analysis 
,Q WKHPRGHORI WKHSRUW LQYROYHG WKHUHDUH66* LQRSHUDWLRQDW WKH
EHUWK7KHGDWDFROOHFWHGIURPWKHSRUWUHYHDOHGWKDW WKHFRQWDLQHU ORDGLQJ
GLVFKDUJLQJRSHUDWLRQVRIWKH66*ZDVKHOGRQIRUDERXWKRXUV,QRWKHU
ZRUGVHDFKPRYHPHQWRIJDQWU\FUDQHFRPSOHWHGLQDERXWPLQXWHV
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$OWKRXJK WKHQXPEHURI57*DYDLODEOHDW WKHSRUW LV WKHQXPEHURI
WKRVHDFWLYHLQRSHUDWLRQLV7KHUHPDLQLQJ57*DUHVSDUHDQGSXWLQWR
RSHUDWLRQZKHQQHHGHG$FFRUGLQJWRWKHRSHUDWRUH[SHULHQFHVWKHVSHHGUDWH
DWZKLFKWKH57*¶VKDQGOHWKHFRQWDLQHULVDERXWPRYHPHQWVSHUKRXU,Q
RWKHUZRUGVHDFK57*FRPSOHWHVLWVFLUFOHLQDURXQGPLQXWHV
7KHQXPEHURI WKH077¶V 7HUPLQDO7UDFWRU DW WKH WHUPLQDO LV ,Q
SUDFWLFHKRZHYHU WKHQXPEHURI077SHUHDFK66*LV7KHVSHHGRIWKH
077¶VZLWKLQWKHWHUPLQDOKDVEHHQOLPLWHGWREHNPK
$VDSULQFLSOHLQSUDFWLFHIRU66*077DQG57*DUHDSSRLQWHG,Q
VXFKDFDVHWKHUHIRUHIRUDVKLSRQZKLFK66*DUHLQYROYHGLQRSHUDWLRQ
077DQG57*DUHQHHGHG
7KHVLPXODWLRQPRGHOVDUHVHSDUDWHO\VHWVR WKDWHDFKIXQFWLRQV WRD IXOO
VDWLVIDFWLRQ7KURXJKWKHSLORWPRGHO WKHYDOLGLW\DQGUHOLDELOLW\ WHVWVKDYH
EHHQIXO¿OOHGXVLQJWKHORDGLQJGLVFKDUJLQJRSHUDWLRQVGDWDJDLQHGE\PHDQV
RI WKHGDWDFROOHFWLRQ IRUP$W WKHH[SHULPHQWDO UHVHDUFKFDUULHGRXW WR
PHDVXUHWKHUHOLDELOLW\DQGYDOLGLW\RI WKHPRGHODUHDOVKLSRSHUDWLRQVZDV
XVHG7KHÀRZGLDJUDPRIWKHVLPXODWLRQPRGHOVKRZQRQ)LJXUH
)LJXUH!)ORZGLDJUDPRIORDGLQJPRGHO
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7KHGHWDLOVRIWKHRSHUDWLRQVDUHDVIROORZV
7KHWRWDOQXPEHURIFRQWDLQHUPRYHPHQWVLVDQGWKHQXPEHURIFRQ
WDLQHUVSURFHVVHGLV7KHGLIIHUHQFHPRYHPHQWVVWDQGVIRUWKH
QXPEHURIWKHFRQWDLQHUVORZHUHGWRWKHDSURQDQGWKHQORDGHGRQERDUG
WKHVKLSGLVFKDUJHGDQGORDGHG
2XWRIPRYHPHQWVLVGLVFKDUJHGDQGORDGHG
7KUHH66*¶VZHUHDSSRLQWHGIRUWKHVKLS
7KHPRGHO JRW RSHUDWHG WLPHV DQG WKH WRWDO RSHUDWLRQSHULRGZDV
FRPSDUHGZLWKWKRVHGLVSOD\HGLQWKHIROORZLQJ7DEOH
7DEOH!3LORW0RGHO5HVXOWV
 66* 66* 66*
 5HDO 6LP 5HDO 6LP 5HDO 6LP
7RWDORSHUDWLRQWLPHKRXU      
7RWDOPRYHPHQWXQLW      
,Q7DEOHWKHWRWDOWLPHRIWKHRSHUDWLRQZDLWLQJWLPHDQGWLPHSHUFHQWDJHV
SURYLGHGIURPWKHVWDWLVWLFDO ILJXUHVUHODWHGZLWK WKHRSHUDWLRQRI WKHHDFK
EHUWKFUDQH7KHUHVXOWVJDLQHGIURPWKHPRGHOPDWFKWKHVHGDWD
7KHVKDUHRIHUURUVGHYLDWLRQVEHWZHHQWKHVHWZRSHULRGVLVOHVVWKDQ
7KHFRQWDLQHUDSSRLQWPHQWVZHUHIXO¿OOHGDWPDWFK7KURXJKVXFKD
SLORWVWXG\WKHYDOLGLW\DQGUHOLDELOLW\RIWKHPRGHOKDYHEHHQYHUL¿HG
6. Experimental Studies (Outputs)
,QRUGHUIRUWKHPRGHOWRJHWDNLQGRILQWHUQDWLRQDOGLPHQVLRQVWKHYDOLGLW\
DQGUHOLDELOLW\RIZKLFKZHUHDQDO\]HGDQGWHVWHGWKURXJKSLORWPRGHOVDQHZ
PRGHOZDVGHYHORSHG
7KHPRGHOGHYHORSHGWRUHDFKDÀH[LEOHVLPXODWLRQPRGHODQGRQZKLFKD
VHULHVRIH[SHULPHQWVKDYHEHHQFDUULHGRXWLQYROYHGD57*KDQGOLQJV\VWHP
DVLQJOHKDQGOLQJOLQHDQG66*DORQJZLWK57*VLPXOWDQHRXVO\%HVLGHV
RQWKHQXPEHURIWKH077XVHGDJUHDWQXPEHURIVFHQDULRVZHUHWLUHG
)XUWKHUPRUH WKHPRGHOJRWRSHUDWHGDWHDFKH[SHULPHQWFRQWDLQHUV
ZHUHVHQWWRWKHV\VWHP
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7DEOHLQGLFDWHVWKHLQSXWVRIWKHPRGHOH[SHULPHQWVDORQJZLWKWKHUHOHYDQW
RXWSXWV7KHPDLQIRFXVRIVXFKH[SHULPHQWVZDVRQWKHDQDO\VLVRIWKHHIIHFW
RIFKDQJHVLQWKHQXPEHURIWKH077DQGWKHVSHHGRIWKH66*
$VFDQVHHQLQWKH7DEOHLQWKHPRGHOVWKHRSHUDWLRQVSHHGRI57*ZDV
OLPLWHGWRPRYHPHQWSHUKRXU7KLV LPSOLHV WKDWDW WKHOLPLWHGVSHHG LQ
HYHU\PLQXWHVWKH57*HLWKHUVWRZHGRQHFRQWDLQHURUJRWUHDG\WRORDGWKH
FRQWDLQHUVWRZHGWR0777KHUHDVRQZK\LQWKHPRGHOWKHRSHUDWLRQVSHHG
RIWKH57*ZDVNHSW¿[HGLVWKDWWKHFKDQJHVZLWKLQWKLVSHULRGKDYHWRROLWWOH
HIIHFWVRQWKHVWHDG\UXQRIWKHV\VWHP
$VDOVRVKRZQLQ7DEOHFKDQJHVLQ WKHKDQGOLQJVSHHGRI66*DQGWKH
QXPEHURI077KDYHHIIHFWRQ WKH WRWDORSHUDWLRQ WLPH57*XWLOL]DWLRQ
DYHUDJHQXPEHURI077077TXHXHXQGHU66*DQGDYHUDJHZDLWLQJWLPH
RI077ZKLFKVXSSRUW WKH OHDQDSSURDFKHVFDQEHDGRSWHGE\XVLQJVXFK
VLPXODWLRQPRGHOV
7KHILQGLQJVRI WKHH[SHULPHQWV LQGLFDWH WKDW WKHFKDQJHVLQ WKHKDQGOLQJ
VSHHGRI66*DQG WKHQXPEHURI077XVHG LQ WKH LQWHUQDO WUDQVSRUWKDYH
FRQVLGHUDEOHHIIHFWRQWKHSHUIRUPDQFHRIWKHV\VWHP
V. Findings : Lean Dimension
)LQGLQJ7KHLQFUHDVHLQWKHQXPEHURI077IROORZLQJWKHDSSRLQWPHQW
RI077VKDVQRHIIHFWRQWKHWLPHRIWKHHQGRIWKHRSHUDWLRQSHULRGWKDW
WKHVSHHGRI66*LVOLPLWHGZLWKPRYHPHQWSHUKRXU,QRWKHUZRUGVWKH
LQFUHDVHLQWKHQXPEHURI077VKDVQRHIIHFWVRQWKHSHULRGRIRSHUDWLRQ
)LQGLQJ7KHLQFUHDVHLQWKHQXPEHURI077VKDVQRHIIHFWRQWKHUDWHRI
HI¿FLHQWXVHRI66*66*LVQRWDIIHFWHGE\WKHFKDQJHVLQWKHQXPEHUVRI
077QRULVLWDIIHFWHGE\WKHFKDQJHVLQWKHVSHHGRIWKH66*KDQGOLQJ
)LQGLQJ7KHLQFUHDVHLQWKHQXPEHURI077VDSSRLQWHGKDVHIIHFWRQWKH
ZDLWLQJSHULRGRIWKH077VLQWKHV\VWHPDQGDOVRRQGHFUHDVLQJHIIHFWRQWKH
57*HI¿FLHQF\ZKLFKLVLQGLFDWHGLQ)LJXUH$VFDQEHVHHQLQ¿JXUHWKH
RSWLPDOQXPEHURI077ZKHQ66*DQG57*DUHXVHGLQWKHRSHUDWLRQVLV

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7KLVLPSOLHVWKDWWKHLQFUHDVHLQWKHQXPEHURI077KDVQRHIIHFWVRQWKH
WLPHRIWKHRSHUDWLRQ
)LJXUH!7KHHIIHFWVRIWKHQXPEHURIWKHDSSRLQWHG077RQWKH57*
 DQG077ZDLWLQJSHULRG
5HVXOWVRIWKH0RGHO/HDQ'LPHQVLRQ
7KHQXPEHURIIZRUNGD\V LQDW WKHSRUW LQYROYHG LQ WKLV UHVHDUFK
GXH WRFHUWDLQQDWLRQDOKROLGD\VDQGFHUWDLQZLQGV WRRVWURQJWRDOORZSRUW
RSHUDWLRQV LV'XULQJ WKHDFWXDO:RUNVGD\GD\VFRUUHVSRQGLQJ WR
KRXUVDURXQGYHVVHOVZHUHVHUYLFHGDWWKHSRWPHQWLRQHGZKLFKLQ
WXUQFRUUHVSRQGVWRKRXUVRIVHUYLFHSHUYHVVHO7KHYHVVHOV
KDYLQJFDOOHGWKHVDPSOHSRUWRIWKLVUHVHDUFKKRZHYHUFRXOGQRWEHVHUYLFHG
IRUDERXWRIWKHSHULRGGXULQJZKLFKWKH\ZDLWHGDWWKHSLHUVEHFDXVH
RIVXFKXQDYRLGDEOH LQWHUYDOVDVVKLIWFKDQJHVRSHQLQJDQGFORVLQJKDWFK
FRYHUVDQGKDYLQJPHDOVHWF$VDFRQVHTXHQFHWKHQHWSHULRGRIUHFHLYLQJ
VHUYLFHVIRUHDFKYHVVHOWKURXJKRXWRQH\HDUWXUQVRXWWREHDURXQGKRXUV
±;
)RUHDFK66*DW WKH LQYROYHG LQ WKLV UHVHDUFK077ZKHUHHPSOR\HG
WKURXJKRXWRQH\HDU7KLVPHDQVWKDWWKURXJKRXWWKHDYHUDJHKUVRIVKLS
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VHUYLFLQJ077ZHUHNHSWDWZRUNIRUDWRWDOKRXUVK;077
7KLV¿JXUHFRUUHVSRQGVWRKRXUVIRUYHVVHOV;,QRWKHU
ZRUGVWKH077¶VVHUYLFHGWKURXJKRXWRQH\HDUIRUKRXUV
7KLVVLPXODWLRQPRGHOFRQGXFWHGKDVUHYHDOHGWKDWIRUWKHSRUWFKRVHQIRU
WKLV UHVHDUFK WKHRSWLPDOQXPEHURI077¶V LV LQFDVHRI66*KDQGOLQJ
VSHHGVXSWRPLQXWHV,QFDVHQRWE\077¶VDUHXVHGIRUHDFK66*
WKURXJKRXWWKH\HDUWKHWRWDOZRUNORDGRI077DFFRUGLQJWRWKHDERYHVWDWHG
FDOFXODWLRQZRXOGEHKRXUVIRURQH\HDU,QVXFKDFDVH WKHQ WKHUH
ZRXOGEHDGHFUHDVHLQWKHHQYLURQPHQWDOGDPDJHGLVSOD\HGLQ7DEOH
7DEOH!*UHHQ,PSDFWRIWKH6LPXODWLRQ0RGHO
1XPEHURI077
DOORFDWHG
$QQXDOZRUNLQJKRXUVRI
077
5HDO 5 
6LPXODWLRQ 2 
'LIIHUHQFHV 3 
VI. Conclusions and Implications
7KLV VWXG\KDVDLPHG WRDQDO\]HD7XUNLVKSRUWERWK LQ OHDQDQGJUHHQ
GLPHQVLRQV$FRQFHSWXDOPRGHOKDVEHHQGHYHORSHGERWKFRYHULQJWKHOHDQ
GLPHQVLRQ -,73RVWSRQHPHQWDQGFURVVGRFNLQJDQGJUHHQGLPHQVLRQ
YHVVHORSHUDWLRQVVHUYLFHVRIPDULQHIDFLOLWLHVDQGFDUJRKDQGOLQJZLWKLQ
WKHIUDPHZRUNRISRUWV+RZHYHUGXHWRWKHFRQVWUDLQWVRIRXUGDWDZHRQO\
IRFXVHGRQWKHFDUJRKDQGOLQJRSHUDWLRQVRIRXUVDPSOH:HDVVXPHGWKDW
VHOHFWLQJFDUJRKDQGOLQJRSHUDWLRQVDUHERWKUHODWHGWRWKHJUHHQGLPHQVLRQ
DQGOHDQGLPHQVLRQLQWHUPVRIHIIHFWLYHQHVVRIDFRQWDLQHUSRUW
$VLPXODWLRQPRGHOKDVEHHQDSSOLHG ,WKDVEHHQIRXQGWKDWFKDQJHV LQ
WKHKDQGOLQJVSHHGRI66*DQG WKHQXPEHURI077XVHG LQ WKH LQWHUQDO
WUDQVSRUWKDYHFRQVLGHUDEOHHIIHFWRQWKHSHUIRUPDQFHRI WKHV\VWHP7KRVH
¿QGLQJVUHYHDOWKDWVXFKFDUJRKDQGOLQJYHKLFOHVKDYHDQLPSRUWDQWHIIHFWRQ
WKHHIIHFWLYHQHVVRIDFRQWDLQHU WHUPLQDO 2QWKHRWKHUKDQGFKDQJLQJWKH
KDQGOLQJVSHHGRI66*LVDVKRUWWHUPGHFLVLRQIRUWHUPLQDOVLQPDQ\FDVHV
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&RQWDLQHU WHUPLQDOVE\XVLQJWKHVLPXODWLRQPRGHOVFDQHDVLO\ILQGHDV\
ZD\VWRVKLIW WKHLUVWUDWHJLHV WR OHDQVWUDWHJLHV1HHGOHVV WRVD\DOWKRXJKLW
UHTXLUHVFDSLWDOLQFUHDVLQJWKHQXPEHURI077VFDQEHHDVLO\DSSOLHGLQPDQ\
FRQWDLQHUWHUPLQDOVWRDSSO\WKHOHDQVWUDWHJLHV
2QWKHRWKHUKDQGRQHRIWKHEDVLFREMHFWLYHVRIDQ\SRUWRSHUDWRUPXVWEH
WRFUHDWHVXVWDLQDEOHHQYLURQPHQW7RUHDFKVXFKDQREMHFWLYHDQGPLQLPL]H
WKHGDPDJHPDGHRQWKHHQYLURQPHQWDQ\SRUWLVWRPLQLPL]HWKHDFWLYLWLHV
SROOXWLQJ WKHDWPRVSKHUH7KLVFRXOGEHSRVVLEOHE\XVLQJHQYLURQPHQW
IULHQGO\HTXLSPHQW7KH66*¶VDQG57*¶VXVHGDWFRQWDLQHU WHUPLQDOVDUH
PRVWO\RSHUDWHGE\HOHFWULFSRZHUZKHUHDV WKH077¶VXVHGDW LQWHUQDO
WUDQVSRUW DUHJHQHUDOO\PRWRUYHKLFOHV5HDFKLQJ WKHRSWLPDOQXPEHURI
HTXLSPHQWDWSRUWRSHUDWLRQVPLQLPL]HVWKHGDPDJHPDGHRQWKHHQYLURQPHQW
WKLVPHDQV WKDW WKHQXPEHURI WKH077¶V LV WREHRSWLPDO6LPXODWLRQ
PRGHOLQJLVRQHRIWKHPRVWSURSHUPHDQVRIDFKLHYLQJWKHRSWLPXPLQWKLV
UHJDUG:HKDYHDOVRUHYHDOHGWKDWVLPXODWLRQPRGHOVDUHKLJKO\SUDFWLFDEOH
DQGUHOLDEOHGHFLVLRQVXSSRUWLQVWUXPHQWVIRUWKHGHFLVLRQPDNHUVDWSRUWV
/HDQV\VWHPVGRQRWDOZD\VJUHHQEXW LW LV WKHPRVW LPSRUWDQWVWHS IRU
FDUJRKDQGOLQJRSHUDWLRQLQRUGHUWRUHDFKJUHHQRSHUDWLRQ:HRQO\IRFXVHG
HIIHFWLYHQHVVRIWKHFRQWDLQHUWHUPLQDOFDUJRKDQGOLQJRSHUDWLRQVLQWHUPVRI
OHDQGLPHQVLRQ )XUWKHUVWXGLHVVKRXOGFRYHU WKHRWKHUFRPSRQHQWVRI WKH
OHDQDQGJUHHQGLPHQVLRQLQRUGHU WR LQFUHDVH WKHHIILFLHQF\RI WKHFXUUHQW
PRGHO
'DWHRI&RQWULEXWLRQ0D\
'DWHRI$FFHSWDQFH1RY
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